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Abstract
Background—Rheumatoid arthritis (RA) has been associated with lower socioeconomic status 
(SES), but the reasons for this are not known.
Objective—To examine childhood SES measures, SES trajectory and other perinatal factors in 
relation to RA.
Methods—The sample included 50 884 women, aged 35–74 (84% non-Hispanic white) enrolled 
2004–9 in a US national cohort study. In baseline questionnaires, cases (N=424, 0.8%) reported 
RA diagnosis after age 16, ever use of disease-modifying antirheumatic drugs or steroids for RA 
and ≥6 weeks bilateral joint swelling. Childhood SES measures are presented as OR and 95% CI 
adjusted for age and race/ethnicity. Analyses of perinatal factors also adjusted for childhood SES, 
and joint effects of childhood and adult SES and smoking exposures were evaluated.
Results—Patients with RA reported lower childhood household education (<12 years vs college 
degree; OR=1.7; 95% CI 1.1 to 2.5), food insecurity (OR=1.5, 95% CI 1.1 to 2.0) and young 
maternal age (<20 vs 20–34 years; OR=1.7, 95% CI 1.2 to 2.5), with a trend (p<0.0001) for 
increasing number of adverse factors (OR=3.0; 95% CI 1.3 to 7.0; 4 vs 0 factors) compared with 
non-cases. High birth weight (>4000 g) and preconception paternal smoking were independently 
associated with RA. Together, lower childhood SES and adult education (<college degree) were 
associated with RA (interaction p=0.03), with a joint effect magnitude similar to a history of 
paternal and adult smoking.
Conclusions—RA was associated with low childhood SES sustained into adulthood, with 
cumulative effects across multiple measures, suggesting the importance of other unmeasured 
factors linking SES and RA.
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Low socioeconomic status (SES) is an established risk factor, with research showing that 
early life and cumulative life-course SES is associated with adult inflammatory 
conditions.1–4 Rheumatoid arthritis (RA) has been associated with lower adult educational 
attainment and occupational class,56 but few studies have examined the role of childhood 
SES. One described an association of RA with paternal manual occupation,7 while another 
showed no association with relative childhood affluence.6 Knowledge is limited on the role 
of childhood SES in the context of perinatal factors or adult SES.
The developing immune system is especially sensitive to environmental stressors.89 
Childhood-onset autoimmune diseases, such as type-1 diabetes, juvenile arthritis and 
myositis, have been associated with perinatal factors, including maternal smoking,10 birth 
weight11 and birth season.1213 Research on early life risk factors for adult-onset autoimmune 
diseases is less abundant; for RA, higher birth weight is the most consistently reported,714 
though not seen in all studies.15 Having been breast fed was protective in one small study,7 
but not in another larger study.16 Early life infections and having older siblings were 
associated with RA in one study.15
In a large cohort of US women, the Sister Study, we investigated the relationship between 
childhood socioeconomic factors and adult-onset RA. We also examined associations with 
perinatal factors in the context of childhood SES and evaluated the combined effects of 
childhood and adult SES and paternal and adult smoking.
METHODS
Study sample and design
We conducted a case–control analysis using baseline data from the NIEHS Sister Study 
cohort (N=50 884; enrolled 2004–9), women aged 35–74 with a sister with breast cancer, 
but without a diagnosis of breast cancer themselves at enrolment.1718 Participants, identified 
through self-referral after a broad advertising campaign throughout the USA, included 
women from the South (33%), Midwest (27%), West (22%), Northeast (17%) and Puerto 
Rico (2%). The Sister Study was approved by the institutional review board of the National 
Institute of Environmental Health Sciences, NIH. Participants provided written informed 
consent.
Participants were mailed questionnaires on perinatal factors and encouraged to contact their 
mother or relatives to assist with questions about early life factors. Sociodemographic data, 
residential history, lifestyle factors, personal medical history and medication use were 
collected by telephone interview.
Defining cases and the analysis sample
Women were asked if a doctor had ever diagnosed them with RA. Positive responses were 
followed with questions about age at diagnosis and symptoms—such as, ‘Have you ever had 
swelling in your wrist, finger, elbow or knee joints lasting ≥6 weeks,’ and ‘Have you ever 
had symptoms on both sides of your body?’ Women were asked about medication use, 
including current and longest used drug for RA and were referred to a list of disease-
modifying antirheumatic drugs (DMARDs).
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Excluding women missing data on RA diagnosis or diagnosis age (N=96), 1869 (3.7%) 
reported RA diagnosed at age ≥16 (online supplementary figure). Of these, 29% reported 
DMARD use and 49% reported joint swelling and bilateral symptoms, while 10% also 
reported another autoimmune disease (lupus, inflammatory bowel disease or multiple 
sclerosis). We defined cases (n=424; 0.83% of the cohort) as self-reported RA with any 
current or past DMARD use and bilateral swelling, or steroid use for RA and bilateral 
swelling in the absence of another autoimmune disease. Median diagnosis age was 47 years; 
more than 50% reported diagnosis since 1997 and 25% since 2002. All other self-reported 
RA cases were excluded from analysis. Controls were 48 919 participants reporting no RA, 
including 188 answering ‘don’t know.’
Early life factors and other variables
Data on childhood SES included food insecurity (‘When you were growing up, were there 
times your family didn’t have enough to eat?’), highest household education level of parent 
or legally responsible adult when respondent was age 13, single parent household (age 13), 
self-assessed household income while growing up (well off, middle income, low income or 
poor) and maternal and paternal age at participants’ birth. Mother’s age was grouped to 
reflect younger (<20 years) and older (>34 years) maternal age; father’s age used a higher 
cut-off point for the youngest group (<24 years). A cumulative summary score included four 
factors initially related to RA: lower education (≤high school), low income or poor, young 
maternal age and food insecurity.
Data on perinatal factors included paternal smoking 3 months before conception, prenatal 
maternal and household smoking, birth weight (pounds and ounces), birth order and breast 
feeding. Participants unable to report exact birth weight were asked about low birth weight 
(<5 lb (2270 g)); responses were grouped by standard categories (<2500; 2500–3499; 3400–
3999; ≥4000 g).
Birth date was grouped into four seasons (eg, winter: December–February). Participants 
born in the USA were asked about their longest residence before age 14 and grouped by 
state into (1) census regions (West, Midwest, Northeast, Southeast, Puerto Rico) and (2) 
regions stratified by 40th and 35th parallels. Other factors (multiple birth, gestational age, 
soy formula use, maternal or gestational diabetes, pregnancy hypertension or pre-eclampsia, 
DES exposure) were not considered owing to low prevalence or large amounts of missing 
data.
Additional variables were participant age (baseline), race/ethnicity (non-Hispanic white, 
black, Hispanic and other), educational attainment (<12 years, high-school degree, some 
college/associate/technical degree, college graduate/bachelor’s degree, graduate/professional 
degree) and smoking pack-years.
Analyses
Analyses were conducted in SAS (version 9.2, SAS Institute, Cary, North Carolina, USA). 
For variables with suggestive associations with RA (ie, general association p<0.10), logistic 
regression was used to estimate OR and 95% CI. Significant findings were those in which 
the 95% CI excluded the null, corresponding to a two-sided p<0.05. All models were age 
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adjusted, with covariates prespecified to test for potential confounding by race (for 
associations with SES factors) and by SES score (for perinatal factors). Both sets of models 
are presented to show lack of confounding. Analyses excluded subjects with missing values 
for main variables or covariates in multivariate models. A trend test for childhood SES score 
was based on an ordinal five-level variable. Analyses did not adjust for adult factors, except 
for age and when noted to illustrate independence of childhood effects.
We modelled combined effects of lower childhood SES (score of ≥2) and lower adult SES 
(<college bachelor’s degree) and combined effects of preconception paternal smoking and 
personal smoking, independently and mutually adjusted for both sets of combined variables, 
age and race. We tested for interaction of childhood/adult SES, adding a product term to a 
model including two-level SES and education terms, age, race, paternal smoking and pack-
years smoking.
Several sensitivity analyses were conducted: (1) excluding women aged <45 or >64 years, 
(2) excluding women with sisters in the cohort, (3) limiting the cohort to non-Hispanic 
whites and (4) using alternate case definitions—for example, including all RA with 
DMARD or steroid use for RA
RESULTS
Table 1 shows demographics and smoking history by RA status. Several adverse childhood 
SES factors were more common in RA cases (table 2). In age- and race-adjusted models, RA 
was associated with lower household education, low or poor household income, food 
insecurity and young maternal age. A trend was seen for increasing childhood SES score 
(p<0.0001), which remained Significant (p=0.001) adjusting for adult education and 
smoking pack-years (also independently associated with RA; not shown). Older maternal 
age was modestly associated with RA (≥35 vs 20–34 years).
Table 3 shows the frequency of perinatal factors by RA status and associations adjusting for 
age, race and childhood SES score. Paternal smoking 3 months before conception was 
Significantly associated with RA. A similar association for non-maternal prenatal household 
smoking was not Significant after adjusting for childhood SES. In participants who never 
smoked (n=168 cases), the association for paternal smoking remained (age and race-adjusted 
OR=1.4, 95% CI 1.0 to 1.9; p=0.046). The RA association with high birth weight remained 
after adjusting for adult education and smoking (OR=1.5, 95% CI 1.0 to 2.1; p=0.04). 
Sibling number was modestly associated with RA, but the association was attenuated and no 
longer Significant after adjusting for childhood SES. Being breastfed, birth order, birth 
season and region or latitude of childhood residence were not associated with RA.
The association of RA with childhood SES score was only seen in those with lower adult 
educational attainment (<college degree)(table 4). The interaction of childhood SES score 
and lower adult education was Significant (p=0.03), adjusting for age, race, paternal 
smoking and smoking pack-years. Preconception paternal smoking in the absence of adult 
smoking was modestly associated with RA and only slightly increased risk of RA associated 
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with adult smoking, suggesting no interaction. SES and smoking associations were 
unchanged in a model including both sets of combined variables.
Sensitivity analyses showed no substantial changes for RA associations with early life SES 
factors, perinatal smoking and birth weight excluding women aged <45 or >65 years (online 
supplementary table), limited to non-Hispanic whites and excluding women with one or 
more sisters in the cohort. Similar associations were seen using alternate case definitions.
DISCUSSION
Our findings are consistent with an association of childhood socioeconomic factors and adult 
diagnosis of RA in this national, volunteer cohort of women. Few previous studies have 
examined the role of childhood SES in RA and ours is the first to examine multiple 
measures and consider combined effects with adult SES, reflecting lifetime SES trajectory.
Childhood SES and SES trajectory
The association of RA and low childhood SES is supported by findings with several 
measures. A graded effect was seen across decreasing household education. For income, the 
primary difference was between middle and low income. A population-based study in 
Denmark reported no association of self-assessed childhood affluence and adult RA.6 Two 
studies of parental occupational class have shown Significant associations with RA: a 
Swedish registry study reported an association of adult RA with father’s occupation as 
manual worker,7 while childhood RA in Finland was associated with blue collar maternal 
occupation.10 Our findings for household education and income may reflect unmeasured 
factors, including parental occupation and absence of material resources.
Ours may be the first study to examine RA and childhood food insecurity, a relatively new 
concept reflecting regular access to nutritious foods in developed countries. Childhood food 
insecurity has been related to a variety of behavioural and health outcomes.17 In our data, 
food insecurity was associated with young maternal age, lower household education and 
income and paternal smoking. However, in a mutually adjusted model, including adult 
education and smoking, associations persisted for both food deprivation and young maternal 
age (not shown). Ours may also be the first study to report an association of RA with 
younger maternal age. A registry-based study of early adult RA (ages 16–29) showed no 
association with maternal age.15 In the USA, younger maternal age is a risk factor associated 
with poverty and may relate to other factors, including prenatal stress. We saw a modest 
association of RA with older maternal age, which can contribute to a variety of perinatal 
outcomes, including fetal macrosomia.18 Adjusting for birth weight did not change our 
observed effect for older mothers (not shown).
SES is a complex construct, encompassing multiple factors. Lower SES may relate to 
adversities associated with a lack of material or other resources. Summing across four 
factors associated with RA risk, we noted an apparent cumulative effect. Educational 
attainment may predict several aspects of adult SES, including higher income and 
occupational status, so we modelled SES trajectory using the childhood score stratified by 
adult education. Our findings indicate that lower childhood SES was associated with RA 
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primarily in women who remained on a low SES trajectory. Life-course epidemiology 
suggests various models relating early life factors to outcomes19; our findings do not support 
the idea that lower childhood SES alone increases RA risk, but are consistent with a 
cumulative effect of lower SES throughout the lifespan.
The observed RA/SES association was not due to smoking, an established RA risk factor.20 
Adjusting for childhood SES score slightly attenuated associations with maternal and 
perinatal factors and we cannot rule out the possibility of a role for other SES-related 
exposures, including environmental pollutants or psychosocial stress.2122 Low SES may 
increase frequency, intensity, or vulnerability to stress exposures.23 Low childhood or life-
course SES has been related to adult differences in neuroendocrine and proinflammatory 
signalling,24 diurnal cortisol regulation25 and C-reactive protein levels.2 Abnormal 
hypothalamic pituitary adrenal (HPA) axis function (eg, cortisol response) in RA is well 
described, though a causal role is unclear.2627 Still, many publications relate HPA function 
and the sympathetic nervous system to immune dysregulation.28
Paternal smoking and birth weight
Smoking contributes to development of anticitrullinated autoantibodies in RA and may act 
through other mechanisms to increase the risk of autoimmune diseases.29 Prenatal maternal 
smoking30 and early postnatal exposure to second-hand smoke31 can affect the neonatal and 
developing immune function. Maternal smoking in pregnancy was associated with childhood 
RA in one study,10 but another large study reported no association with living with a parent 
who smoked.20 In our study, prenatal exposure to non-maternal household smoking and 
paternal smoking before conception were associated with RA. Mechanisms relating 
preconception paternal smoking to RA are not known and associations may be difficult to 
isolate from other prenatal and childhood smoking exposures. Indeed, 96% of cohort 
participants with prenatal non-maternal household smoking also reported preconception 
paternal smoking. Most of the non-maternal household smoking is probably due to paternal 
smoking. However, we viewed paternal preconception smoking as the least confounded 
marker for early, non-maternal secondhand, smoke since having additional non-parent 
smokers in the home may be associated with other adverse SES indicators. Given the 
importance of smoking in RA pathogenesis, these findings support further investigation of 
early and sustained secondhand smoking in RA.
Our observed association of RA with higher birth weight is consistent with two other 
studies,716 and a third showing a non-Significant association with large-for-gestational age 
at birth.15 The association is probably an underestimate owing to non-differential exposure 
misclassification. Cortisol dysregulation has been proposed as a mechanism for the effects of 
birth weight and RA,32 suggesting an interesting link with SES findings
Other risk factors
RA was associated with larger sibships, but not with being firstborn. We saw no association 
with birth season, which is sometimes considered a proxy for potential infectious exposures 
in early life; however, analyses considering birth date as a continuous variable may be more 
sensitive.13 In the Nurses’ Health Study cohorts, RA was associated with adult residence in 
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northeastern USA,33 but we saw only a modest excess in RA for longest childhood residence 
in the northeast compared with the midwest. We also saw no RA association with latitude, 
overall or limited to the 47% with residential data within 1 year of birth (not shown).
We saw no age-adjusted association with being breast fed and RA. One study reported an 
inverse association of RA with breast feeding, but findings in larger studies have been 
mixed.716 Breast feeding might interact with other factors affecting breast milk as a source 
of organic pollutants.34
Limitations
If disease severity were related to lower cohort participation by RA cases with lower SES, 
then our associations might be underestimates. Because age is a risk factor for RA, we had a 
higher ratio of controls to cases at younger ages. Age was related to childhood 
socioeconomic indicators—younger women were less likely to report factors in the 
childhood SES score (47% of women aged 35–44 had no factors, versus 29% of women d 
>64—not shown). However, excluding younger (<45) or older (>64) women had no notable 
impact on our main findings for SES, paternal smoking and birth weight. Sisters may share 
early life experiences; 19% of the cohort had more than one sister enrolled, but our main 
findings were unchanged in analyses limited to women without sisters in the cohort (not 
shown).
False-positive RA self-reporting is common. Although DMARD-based case definitions are 
more specific, they are not highly sensitive.35 Estimated RA prevalence in this cohort 
(0.83%) is reasonable compared with population estimates. However, our definition 
including DMARDs plus joint swelling and bilateral symptoms favoured patients with 
moderate to severe disease, which might have biased the results if lower SES increases the 
likelihood of having RA. Similar associations were seen including all cases reporting 
DMARD or steroid-use for RA. Reliance on DMARDs for case definition may still have 
excluded some lower SES cases with less access to subspecialty care.
Recall of early life factors is not expected to vary by RA case status; non-differential errors 
might have biased observed associations towards the null. The extent to which we might 
have underestimated associations may vary by exposure; self-reporting of fetal smoke 
exposure has been shown to be a good proxy for maternal report,36 but one study suggested 
only moderate agreement between paternal social class as recalled in adults compared with 
measures in early life.37 Preliminary results from a Sister Study comparison of participant 
response with data collected from their mothers suggested good agreement for the variables 
examined (personal communication, AAD). Timing of adult education and smoking was not 
examined relative to RA diagnosis age, though probably occurred before onset in most 
cases. Breast cancer risk factors may be enriched in the cohort, which might increase the 
power to detect associations with rare exposures. Multiple testing seems an unlikely reason 
for the associations noted, given the consistent associations across SES measures and 
findings on smoking and birth weight supported by existing publications.
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Using multiple indicators of lower childhood SES, we saw individual associations and a 
dose–response for cumulative SES score with RA. This association was primarily seen in 
women with lower adult education, supporting the hypothesis that sustained experience of 
lower SES may be a risk factor for RA. The joint effect of lower childhood SES and adult 
education was of similar magnitude to having both a paternal and personal smoking history. 
Lower SES represents a wide range of factors and experiences that may contribute to disease 
risk. Identifying the role of underlying developmental, environmental and psychosocial 
factors is an important next step.
Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
REFERENCES
1. Pollitt RA, Kaufman JS, Rose KM, et al. Cumulative life course and adult socioeconomic status and 
markers of inflammation in adulthood. J Epidemiol Community Health. 2008; 62:484–491. 
[PubMed: 18477746] 
2. Phillips JE, Marsland AL, Flory JD, et al. Parental education is related to C-reactive protein among 
female middle-aged community volunteers. Brain Behav Immun. 2009; 23:677–683. [PubMed: 
19486653] 
3. Loucks EB, Lynch JW, Pilote L, et al. Life-course socioeconomic position and incidence of 
coronary heart disease: the Framingham Offspring Study. Am J Epidemiol. 2009; 169:829–836. 
[PubMed: 19179358] 
4. Smith BT, Lynch JW, Fox CS, et al. Life-course socioeconomic position and type 2 diabetes 
mellitus: The Framingham Offspring Study. Am J Epidemiol. 2011; 173:438–447. [PubMed: 
21242301] 
5. Bengtsson C, Nordmark B, Klareskog L, et al. Socioeconomic status and the risk of developing 
rheumatoid arthritis: results from the Swedish EIRA study. Ann Rheum Dis. 2005; 64:1588–1594. 
[PubMed: 15843455] 
6. Pedersen M, Jacobsen S, Klarlund M, et al. Socioeconomic status and risk of rheumatoid arthritis: a 
Danish case-control study. J Rheumatol. 2006; 33:1069–1074. [PubMed: 16622905] 
7. Jacobsson LT, Jacobsson ME, Askling J, et al. Perinatal characteristics and risk of rheumatoid 
arthritis. BMJ. 2003; 326:1068–1069. [PubMed: 12750209] 
8. Dietert RR, Piepenbrink MS. The managed immune system: protecting the womb to delay the tomb. 
Hum Exp Toxicol. 2008; 27:129–134. [PubMed: 18480137] 
9. Merlot E, Couret D, Otten W. Prenatal stress, fetal imprinting and immunity. Brain Behav Immun. 
2008; 22:42–51. [PubMed: 17716859] 
10. Jaakkola JJ, Gissler M. Maternal smoking in pregnancy as a determinant of rheumatoid arthritis 
and other inflammatory polyarthropathies during the first 7 years of life. Int J Epidemiol. 2005; 
34:664–671. [PubMed: 15649961] 
11. Harder T, Roepke K, Diller N, et al. Birth weight, early weight gain and subsequent risk of type 1 
diabetes: systematic review and meta-analysis. Am J Epidemiol. 2009; 169:1428–1436. [PubMed: 
19363100] 
12. Kahn HS, Morgan TM, Case LD, et al. Association of type 1 diabetes with month of birth among 
U.S. youth: The SEARCH for Diabetes in Youth Study. Diabetes Care. 2009; 32:2010–2015. 
[PubMed: 19675199] 
13. Vegosen LJ, Weinberg CR, O’Hanlon TP, et al. Seasonal birth patterns in myositis subgroups 
suggest an etiologic role of early environmental exposures. Arthritis Rheum. 2007; 56:2719–2728. 
[PubMed: 17665425] 
Parks et al. Page 8













14. Mandl LA, Costenbader KH, Simard JF, et al. Is birthweight associated with risk of rheumatoid 
arthritis? Data from a large cohort study. Ann Rheum Dis. 2009; 68:514–518. [PubMed: 
18593757] 
15. Carlens C, Jacobsson L, Brandt L, et al. Perinatal characteristics, early life infections and later risk 
of rheumatoid arthritis and juvenile idiopathic arthritis. Ann Rheum Dis. 2009; 68:1159–1164. 
[PubMed: 18957482] 
16. Simard JF, Costenbader KH, Hernán MA, et al. Early life factors and adult-onset rheumatoid 
arthritis. J Rheumatol. 2010; 37:32–37. [PubMed: 19833745] 
17. Kursmark M, Weitzman M. Recent findings concerning childhood food insecurity. Curr Opin Clin 
Nutr Metab Care. 2009; 12:310–316. [PubMed: 19333121] 
18. Aliyu MH, Jolly PE, Ehiri JE, et al. High parity and adverse birth outcomes: exploring the maze. 
Birth. 2005; 32:45–59. [PubMed: 15725205] 
19. Pollitt RA, Rose KM, Kaufman JS. Evaluating the evidence for models of life course 
socioeconomic factors and cardiovascular outcomes: a systematic review. BMC Public Health. 
2005; 5:7. [PubMed: 15661071] 
20. Costenbader KH, Feskanich D, Mandl LA, et al. Smoking intensity, duration and cessation and the 
risk of rheumatoid arthritis in women. Am J Med. 2006; 119:503.e1–503.e9. [PubMed: 16750964] 
21. Evans GW. The environment of childhood poverty. Am Psychol. 2004; 59:77–92. [PubMed: 
14992634] 
22. Mohai P, Lantz PM, Morenoff J, et al. Racial and socioeconomic disparities in residential 
proximity to polluting industrial facilities: evidence from the Americans’ Changing Lives Study. 
Am J Public Health. 2009; 99(Suppl 3):S649–S656. [PubMed: 19890171] 
23. Matthews KA, Gallo LC, Taylor SE. Are psychosocial factors mediators of socioeconomic status 
and health connections? A progress report and blueprint for the future. Ann N Y Acad Sci. 2010; 
1186:146–173. [PubMed: 20201872] 
24. Miller GE, Chen E, Fok AK, et al. Low early-life social class leaves a biological residue 
manifested by decreased glucocorticoid and increased proinflammatory signaling. Proc Natl Acad 
Sci USA. 2009; 106:14716–14721. [PubMed: 19617551] 
25. Gustafsson PE, Janlert U, Theorell T, et al. Life-course socioeconomic trajectories and diurnal 
cortisol regulation in adulthood. Psychoneuroendocrinology. 2010; 35:613–623. [PubMed: 
19879057] 
26. de Brouwer SJ, Kraaimaat FW, Sweep FC, et al. Experimental stress in inflammatory rheumatic 
diseases: a review of psychophysiological stress responses. Arthritis Res Ther. 2010; 12:R89. 
[PubMed: 20478029] 
27. Straub RH, Kalden JR. Stress of different types increases the proinflammatory load in rheumatoid 
arthritis. Arthritis Res Ther. 2009; 11:114. [PubMed: 19591636] 
28. Marshall GD Jr. The adverse effects of psychological stress on immunoregulatory balance: 
applications to human inflammatory diseases. Immunol Allergy Clin North Am. 2011; 31:133–
140. [PubMed: 21094928] 
29. Baka Z, Buzás E, Nagy G. Rheumatoid arthritis and smoking: putting the pieces together. Arthritis 
Res Ther. 2009; 11:238. [PubMed: 19678909] 
30. Pachlopnik Schmid JM, Kuehni CE, Strippoli MP, et al. Maternal tobacco smoking and decreased 
leukocytes, including dendritic cells, in neonates. Pediatr Res. 2007; 61:462–466. [PubMed: 
17515872] 
31. Singh SP, Razani-Boroujerdi S, Pena-Philippides JC, et al. Early postnatal exposure to cigarette 
smoke impairs the antigen-specific T-cell responses in the spleen. Toxicol Lett. 2006; 167:231–
237. [PubMed: 17113252] 
32. Colebatch AN, Edwards CJ. The influence of early life factors on the risk of developing 
rheumatoid arthritis. Clin Exp Immunol. 2011; 163:11–16. [PubMed: 20964640] 
33. Costenbader KH, Chang SC, Laden F, et al. Geographic variation in rheumatoid arthritis incidence 
among women in the United States. Arch Intern Med. 2008; 168:1664–1670. [PubMed: 18695080] 
34. Nichols HB, Trentham-Dietz A, Sprague BL, et al. Effects of birth order and maternal age on 
breast cancer risk: modification by whether women had been breast-fed. Epidemiology. 2008; 
19:417–423. [PubMed: 18379425] 
Parks et al. Page 9













35. Walitt BT, Constantinescu F, Katz JD, et al. Validation of self-report of rheumatoid arthritis and 
systemic lupus erythematosus: The Women’s Health Initiative. J Rheumatol. 2008; 35:811–818. 
[PubMed: 18398940] 
36. Simard JF, Rosner BA, Michels KB. Exposure to cigarette smoke in utero: comparison of reports 
from mother and daughter. Epidemiology. 2008; 19:628–633. [PubMed: 18467961] 
37. Batty GD, Lawlor DA, Macintyre S, et al. Accuracy of adults’ recall of childhood social class: 
findings from the Aberdeen children of the 1950s study. J Epidemiol Community Health. 2005; 
59:898–903. [PubMed: 16166367] 
Parks et al. Page 10

























Parks et al. Page 11
Table 1
Demographic characteristics and smoking history of patients with and without rheumatoid arthritis (RA)
Non-cases*
(N=48 919) Cases (N=424)




  36–44 6459 (13) 41 years 27 (6) 42 years
  45–54 16 987 (35) 50 117 (28) 51
  55–64 17 108 (35) 59 178 (42) 59
  ≥65 8361 (17) 68 102 (24) 68
  Missing 4 0
Race/ethnicity 0.04
  Non-Hispanic
    white
41 140 (84) 342 (81)
  Black 4278 (9) 41 (10)
  Hispanic 2214 (5) 31 (7)
  Other 1272 (3) 10 (2)
  Missing 15 0
Current education <0.0001
  High school or
    less
7339 (15) 86 (20)
  Some college/
    technical degree
16 431 (34) 168 (40)
  College BA degree 13 331 (27) 86 (20)
  Graduate or
    professional
    degree
11 806 (24) 84 (20)
  Missing 12 0
Pack-years smoking <0.0001
  Never smoked 26 451 (56) 184 (45)
  Smoked (quintiles
    pack-years)
  ≤2 4635 (10) 39 (10)
  2–7 4338 (9) 35 (9)
  7–14 3837 (8) 41 (10)
  14–26 4160 (9) 46 (11)
  >26 4111 (9) 50 (14)
  Missing 1387 19
*
Excluding other possible and unlikely cases with self-reported rheumatoid arthritis.
†
Test of general association, excluding missing responses; percentage with missing data was very low for most covariates, except smoking pack-
years (2.8% non-cases and 4.5% cases).
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Table 2
Associations of childhood socioeconomic factors with rheumatoid arthritis (RA)
Non-cases* (N=48 919) Cases (N=424) OR (95% CI)†
Socioeconomic factors N (%) N (%) Age-adjusted Age and race-adjusted
Household education (highest)
  Graduate/professional degree 5136 (11) 30 (7) Ref Ref
  College graduate (BA) 7999 (16) 56 (13) 1.2 (0.76 to 1.8) 1.2 (0.75 to 1.8)
  Some college/technical degree 9196 (19) 67 (16) 1.2 (0.77 to 1.8) 1.2 (0.76 to 1.9)
  High-school graduate 17 289 (36) 158 (38) 1.5 (1.0 to 2.2) 1.5 (1.0 to 2.2)
  Less than high school 8739 (18) 108 (26) 1.8 (1.2 to 2.7) 1.7 (1.1 to 2.5)
  Missing 560 5
Relative income
  Well off 3143 (6) 24 (6)
  Middle income 29 342 (60) 222 (52) Ref Ref
  Low income 12 524 (26) 136 (32) 1.3 (1.1 to 1.6)‡ 1.3 (1.0 to 1.5)
  Poor 3793 (8) 41 (10)
  Missing 117 1
Food insecurity
  No 44 402 (91) 366 (86) Ref Ref
  Yes 4483 (9) 58 (14) 1.6 (1.2 to 2.1) 1.5 (1.1 to 2.0)
  Missing 34 0
Maternal age, years
  ≥35 8640 (18) 87 (21) 1.3 (1.1 to 2.6) 1.3 (1.0 to 1.7)
  20–34 36 690 (77) 291 (71) Ref Ref
  <20 2250 (5) 33 (8) 1.8 (1.3 to 2.6) 1.7 (1.2 to 2.5)
  Missing 1339 13
Paternal age, years
  ≥35 15 158 (33) 137 (35) 1.2 (0.94 to 1.5) 1.2 (0.93 to 1.4)
  24–34 25 414 (56) 202 (52) Ref Ref
  <24 4965 (11) 51 (13) 1.3 (0.96 to 1.8) 1.3 (0.93 to 1.7)
  Missing 3382 34
Single parent household
  No 44 228 (90) 380 (90) Ref Ref
  Yes 4680 (10) 44 (10) 1.2 (0.84 to 1.6) 1.1 (0.80 to 1.5)
  Missing 11 0
Number of early life SES factors$
  None 17 300 (37) 113 (28) Ref Ref
  1 15 858 (34) 124 (31) 1.1 (0.88 to 1.5) 1.1 (0.87 to 1.5)
  2 10 389 (22) 126 (31) 1.7 (1.3 to 2.2) 1.6 (1.2 to 2.1)
  3 3147 (7) 36 (9) 1.6 (1.1 to 2.4) 1.5 (1.0 to 2.2)
  4 257 (1) 6 (2) 3.3 (1.4 to 7.5) 3.0 (1.3 to 7.0)
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Non-cases* (N=48 919) Cases (N=424) OR (95% CI)†
Socioeconomic factors N (%) N (%) Age-adjusted Age and race-adjusted
  Missing 1968 19
*
Excluding other possible and unlikely cases with self-reported RA; In non-cases, the percentage missing ranged from <0.5% for most variables to 
2.7% missing maternal age and 7% missing paternal age; 4% were missing on the summary SES score, which was similar for cases. Percentages 
shown in the table reflect unadjusted comparisons excluding missing data.
†
Logistic regression models adjusted for age, or age and race/ethnicity (non-Hispanic white, Hispanic, black, other), excluding missing data.
‡
No difference low income versus poor, so groups were combined to compare low income/poor versus middle income/well-off.
$
Summary score: one or more early life factors (≤high-school household education, low/poor relative household income, young maternal age, food 
insecurity); p for trend <0.0001 for both models shown.
SES, socioeconomic status.
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Table 3
Perinatal and maternal characteristics: associations with RA adjusted for age, race and childhood SES score
Non-cases *
(N=48 919) Cases (N=424) OR (95% CI)†
Characteristics N (%) N (%) Age, race-adjusted Also adjusted for childhood SES 
score
Smoking during pregnancy
  None 14 893 (34) 113 (30) Ref Ref
  Maternal only 3336 (8) 19 (5) 0.84 (0.51 to 1.4) 0.86 (0.53 to 1.4)
  Household only 14 430 (33) 151 (41) 1.3 (1.1 to 1.7) 1.3 (0.98 to 1.6)
  Maternal + other household 10 563 (24) 89 (24) 1.2 (0.89 to 1.6) 1.2 (0.88 to 1.6)
  Missing 5697 52
Paternal smoking (3 months before 
conception)
  No 15 162 (34) 105 (27) Ref Ref
  Yes 29 738 (66) 284 (73) 1.4 (1.1 to 1.7) 1.3 (1.0 to 1.6)
  Missing 4019 35
Breast fed (ever)
  No 22 779 (51) 171 (45) Ref Ref
  Yes 21 726 (49) 221 (55) 1.0 (0.84 to 1.3) 1.0 (0.82 to 1.3)
  Missing 4414 42
Birth weight (g)
  <2500 3260 (9) 28 (9) 1.0 (0.66 to 1.5) 1.0 (0.67 to 1.5)
  2500–<3000 8271 (24) 65 (22) 0.97 (0.71 to 1.3) 0.95 (0.70 to 1.3)
  3000–<3500 13 654 (38) 113 (37) Ref Ref
  3500–<4000 7208 (19) 52 (17) 0.87 (0.62 to 1.2) 0.90 (0.65 to 1.5)
  ≥4000 3374 (9) 43 (14) 1.5 (1.1 to 2.2) 1.5 (1.1 to 2.1)
  Missing 13 152 123
Number of siblings‡
  1 5922 (12) 47 (11) Ref Ref
  2–3 21 226 (44) 174 (42) 1.1 (0.80 to 1.5) 1.1 (0.79 to 1.5)
  4–5 11 795 (25) 92 (22) 1.1 (0.74 to 1.5) 1.0 (0.69 to 1.4)
  ≥6 9158 (19) 105 (25) 1.5 (1.0 to 2.1) 1.3 (0.94 to 1.9)
  Missing 818 6 0.029 0.14
Birth order
  Firstborn 11 042 (24) 111 (28) Ref Ref
  2nd–3rd 21 593 (47) 165 (42) 0.84 (0.66 to 1.1) 0.85 (0.67 to 1.1)
  4th–5th 9062 (20) 73 (19) 0.96 (0.71 to 1.3) 0.95 (0.70 to 1.3)
  ≥6th 4320 (9) 44 (11) 1.2 (0.83 to 1.7) 1.1 (0.78 to 1.6)
  Missing 2902 31
Birth season
  Winter (December–February) 11 825 (24) 101 (24) Ref Ref
  Spring (March–May) 11 806 (24) 104 (24) 1.0 (0.79 to 1.4) 1.0 (0.77 to 1.3)
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Non-cases *
(N=48 919) Cases (N=424) OR (95% CI)†
Characteristics N (%) N (%) Age, race-adjusted Also adjusted for childhood SES 
score
  Summer (June–Aug) 12 737 (26) 103 (24) 0.95 (0.72 to 1.3) 0.98 (0.74 to 1.3)
  Fall (Sept–Nov) 12 551 (26) 116 (27) 1.1 (0.84 to 1.4) 1.1 (0.80 to 1.4)
Childhood residence USA$
  West 6844 (14) 59 (14) 1.1 (0.82 to 1.5) 1.1 (0.81, 1.6)
  Mid-west 16 944 (36) 127 (30) Ref Ref
  Northeast 11 735 (25) 112 (27) 1.3 (0.98 to 1.6) 1.3 (0.99, 1.7)
  Southeast 11 066 (23) 100 (24) 1.2 (0.90 to 1.5) 1.2 (0.92, 1.6)
  Puerto Rico 843 (2) 19 (5) 1.8 (0.87 to 3.5) 1.7 (0.80, 3.6)
Latitude
  At or below 35 degrees 7633 (16) 83 (20) Ref Ref
  35 up to 40 degrees 11 122 (23) 100 (24) 0.94 (0.69 to 1.3) 0.98 (0.72, 1.3)
  Above 40 degrees 28 677 (61) 234 (56) 0.87 (0.66 to 1.1) 0.88 (0.66, 1.2)
  Outside USA/missing 1487 7
*
Excluding other possible and unlikely cases with self-reported RA; in non-cases, the percentage with missing data ranged from 1.6% for number 
of siblings to 8% paternal preconception smoking and 27% for birth weight. The percentage with missing data was similar for cases. Percentages 
shown in table reflect unadjusted comparisons excluding missing data.
†
Logistic regression models adjusted for age and race/ethnicity (non-Hispanic white, Hispanic, black, other) and also adjusted for five-level SES 
score; excluding missing values.
‡
Trend p=0.028 for age- and race/ethnicity-adjusted model and p=0.14 after also adjusting for SES score.
$
Self-report for those born in USA and Puerto Rico, based on longest childhood residence before age 14, grouped by census tract region (eg, West, 
Midwest, etc), or latitude. Missing includes subjects with longest childhood residence outside the USA (n=1126 non-cases, 6 cases) or missing 
childhood state residence data (n=360 non-cases, 1 case).
SES, socioeconomic status.
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Table 4
















≥ College degree   None or one Referent Referent
  Two or more 1.1 (0.73 to 1.6) 1.1 (0.73 to 1.5)
  < College degree   None or one 1.1 (0.87 to 1.5) 1.1 (0.83 to 1.4)
  Two or more 2.0 (1.5 to 2.6) 1.9 (1.4 to 2.5)
Smoking Father smoked
(preconception)
  Never   No Referent Referent
  Yes 1.3 (0.95 to 1.9) 1.3 (0.91 to 1.8)
  Ever   No 1.6 (1.0 to 2.3) 1.5 (1.0 to 2.3)
  Yes 2.0 (1.4 to 2.7) 1.8 (1.3 to 2.5)
*
Age and race- adjusted; n=364 cases and 42 676 non-cases (complete data on SES/smoking variables); individual models for SES and smoking 
joint effects.
†
Adjusted for age, race and mutually adjusted for both sets of joint variables.
SES, socioeconomic status.
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